Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder with progressive loss of upper and lower motor neurons. Autonomic nervous abnormalities, including sympathetic hyperactivity and sympathovagal imbalance, have been found in both early and advanced stages of ALS. In early stage, the dysfunction may be subclinical. Occasionally, elevated blood pressure or heart rate and increased sweating may be observed. In advanced stage when ventilators are required, the sympathetic hyperactivity may lead to hypertensive crisis without counter-regulation of heart rate, followed by the consecutive circulatory collapse, known as the 'autonomic storm'. The symptoms of 'autonomic storm' are similar to that of 'baroreflex failure', and 'autonomic storm' indicates poor prognosis and may result in sudden death. Careful evaluation and individual treatment are strongly suggested, although appropriate therapeutic approaches have not been established. Causative central nervous lesions remain to be elucidated, although the limbic system may be involved. The autonomic dysfunction further supports the concept that ALS is a multisystem-degenerative disease.
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder
with selective and progressive loss of upper and lower motor neurons.
Although this disease was identified more than 140 years ago by Charcot, the pathogenesis has yet remained unknown. Recent advancements in neuroimaging, neurophysiology and neuropathology have elucidated subclinical or clinical involvements of the non-motor systems, in addition to the upper and lower motor neurons. Accumulating evidence shows that autonomic nervous abnormalities are found in both early and advanced stages of ALS. 1 The autonomic dysfunction may be clinically evident and devastating, especially in advanced stage when ventilators are required. Here, the autonomic dysfunctions in ALS are reviewed.
Clinical and Haemodynamic Studies
The autonomic nervous system is divided into sympathetic and autonomic failure and baroreflex failure should be carefully performed, since the therapeutic approaches for these two are quite different. 3 In early stage of ALS, the sympathetic hyperactivity may be subclinical.
Patients with ALS do not usually show overt hypertension needing treatment. However, some patients, especially, the ones with bulbar type of ALS experience palpitation, facial flushness and hot sensation around the face. These symptoms might be caused by increased sympathetic tone. Haemodynamic studies have shown that compared to healthy subjects, patients in early stage of ALS have higher resting heart rate and blood pressure. [4] [5] [6] [7] Plasma norepinephrine level was also reported to be elevated and not correlated with the extent of motor disability. [8] [9] [10] [11] [12] Since plasma norepinephrine level reflects the amount of norepinephrine released from the peripheral sympathetic nerve terminals, its elevation is an indirect indicator of increased sympathetic tone. Although intravenous norepinephrine infusion test has shown preserved adrenoceptor function in the peripheral blood vessels, some patients on ventilators exhibit blunted response to infused norepinephrine, indicating down-regulated hyposensitivity of peripheral adrenoceptors induced by constantly high level of plasma norepinephrine.
13
Muscle Sympathetic Nerve Activity The hypertensive stage is often followed by successive blood pressure fall (circulatory collapse) without counter-regulation of heart rate, which may lead to sudden death. 10 The circulatory collapse is likely to occur during sleep at night and hyposensitivity of peripheral adrenoceptors might enhance the pressure decrease by a sleep-associated decrement of sympathetic tone. 13 The adrenoceptor hyposensitivity is probably attributed to its down-regulation due to the constant high-level secretion of norepinephrine from sympathetic nerve terminals.
All these features resemble symptoms of baroreflex failure, whose cardinal manifestations include hypertensive crisis, volatile or labile hypertension, orthostatic tachycardia and malignant vagotonia. 
Disease Specificity of Autonomic Storm
The question to be resolved is whether the autonomic storm is primary or secondary to ALS. The factors that should be considered are the long-term bedridden state, severe muscle atrophy, long-term ventilator support and psychological stress. 10 At present, there is no evidence that certainly supports or rules out these potential effects. However, 
Sudomotor Function
Patients with ALS often complain of increased or reduced sweating in their hands or feet, altered skin temperature, or skin discolouration.
Studies of sudomotor function have reported that denervation of sympathetic postganglionic cholinergic nerves could occur in ALS.
The sudomotor axon reflex test showed reduced sweating rate in ALS, indicating mild postganglionic sudomotor dysfunction. 31, 32 On the other hand, Beck et al. documented that compared to healthy subjects, patients in early stage of ALS had higher sweating rate in the palms, potentially supporting the idea of increased central sympathetic tone in ALS. 33 However, they also reported a reduced sweating rate in advanced stage of ALS, suggesting progressive peripheral sudomotor dysfunction and resultant atrophy of sweat glands.
In addition, studies have electrophysiologically evaluated the sweat function by using sympathetic skin response (SSR) and skin sympathetic nerve activity (SSNA). [34] [35] [36] [37] [38] SSR was reported to be abolished in 40 % of the patients in early stage of ALS and its latency was prolonged, suggesting subclinical involvement of sudomotor fibres in ALS. 35 Interestingly, in contrast to these reports of SSR, SSNA assessment by microneurography showed high resting frequency and reduced response to mental stress, accompanied by slight prolongation of SSNA reflex latencies. when a considerable number of patients who are on ventilator develop ophthalmoplegia or a totally locked-in state. 41, 42 There are a few reports on the neuropathology for sympathetic hyperactivity, especially in the brainstem and the limbic system. Source: reproduced with permission from Benarroch, 1993. 46 sporadic ALS revealed a wide distribution of the protein aggregates in the central nervous system, 48 including the limbic system, also called the 'central autonomic network' (see Figure 2) . 46 In addition, the limbic motor and bulbo-respiratory motor systems are anatomically and physiologically linked to each other. 49 Furthermore, ALS is often accompanied by involvement of the frontotemporal lobes, which overlaps the limbic system. However, there have been no reports on a correlation between cognitive dysfunction and sympathetic tone, and further studies are needed.
Prognostic Significance
For patients in early stage of ALS, sympathetic hyperactivity rarely influences survival. A major cause of death is usually respiratory muscle paralysis, not circulatory collapse. Pinto et al., however,
reported that decreased variability of heart rate might predict sudden death (cardiac arrest) in ALS. 50 
Familial Amytrophic Lateral Sclerosis

Conclusion
The cardinal features of the autonomic nervous dysfunction in ALS are the sympathetic hyperactivity and sympathovagal imbalance. Further studies may be needed to establish the pathognomonic significance of autonomic dysfunction in ALS. n
